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1. Introduction 


During the computer science HL course, the Human-Computer Interactions (HCI) is taught, and 
that interaction can be achieved through the utilization of input devices. Among them, 
keyboard plays a major role inside the HCI, which is particularly important for early PCs without 
mice. While we usually believe that most buttons on the keyboard represent their 
corresponding characters that users intend to input, such as the roman characters for English 
users, the Chinese language requires more steps than simply pressing a button on the keyboard 


to input a needed character. 


Having over thousands of characters, PC users are expected to be able to input enormous 
numbers of Chinese characters through a fixed size keyboard, and this requires the application 
of input methods editors (IMEs) to filter out the needed words from a gigantic word bank but 


with a limited number of keys. 


In China, the most popular input method editor belongs to the Pinyin IME, a pronunciation- 
based input method that inputs Chinese characters through entering series of Pinyin, the 
official romanization system for Standard Chinese. Or at least, everyone around me uses the 
Pinyin IME for Chinese inputting. On the other hand, countless of alternate options are 
available as substitutions, such as stroke-based IME and Zhuyin IME. While Zhuyin IME, also a 
pronunciation-based IME, is conceptually similar to Pinyin IME, stroke-based IMEs allow users 
to piece the components of a Chinese character together to recognize and input the wanted 


character. 


As a Chinese Pinyin IME user, | became largely interested in investigating the reason why Pinyin 
IME became the most popular IME, assuming that Pinyin IME has a greater efficiency than 
Stroke IME. Therefore, the research question arises: “To what extent is a stroke IME different 


from Chinese Pinyin IME in terms of speed and efficiency?” 


While the paper assesses the efficiency difference of the two IMEs, the main focus is on the 
investigation of the factor that has contributed to the efficiency of Pinyin IME, if it is more 
efficient than Stroke IME. The goal is to first find out which IME has the greater efficiency and 


then to evaluate a possible reason for how the IME is more efficient. 


2. Background Information 
2.1 Chinese characters 


Chinese is the primary language spoken and is used by nearly 1.4 billion citizens of the People's 
Republic of China for daily communication. Its flexible grammar, perplexing phonemes and 
particularly, the innumerable characters that exist in the vocabulary of Chinese form its 


uniqueness. 


Chinese characters were initially evolved as hieroglyphs, which are fonts created through the 
emulation of objects and pictures. The Oracle Bone Script, for instance, was one of the earliest 
forms of Chinese characters in which were written on oracle bones, which still remains 


influence on modern Chinese even after millenniums of transformations. [1] 


ac pone Seal Script Clerical Script Semi-Cursive Script Cursive Script Pogor Sap 
Script (Traditional) 


H Sun 


H Moon 
l | ] Mountair 


Meaning 


d Wood 


A hys 


Figure 2.1 Examples of Chinese hieroglyphs evolved from Oracle Bone Script [2] 


zs] 
> --Εεζ[τα 
THAAFE UD 
» 9» γε Se πο αι 
2 9ν. χΝ S $9 S ze a 


Oracle Bone Scripts established the foundation of basic structure for the Chinese characters, 
which is one character each having its own unique meaning, and since an individual meaning is 
expressed through each Chinese character, there is a necessity of having a large number of 


characters to express a variety of content. 


An overwhelming number of characters are presented in the language that surprisingly reaches 
up to 91,251 Chinese characters. Within the total number of characters, commonly used ones 
only hold around 7,000 characters, and the frequently used characters occupy only 3,500 


characters out of the entire character set. [3] 


2.2 Input Method Editor 


Input Methods are encoding methods that allow the output of multiplex characters or symbols 


through inputting any data. 


The demand of input methods originated from the limitations of keyboard size. Initially 
designed primarily for English language, keyboard only features a composition of up to around 
110 keys, which is limited when inputting logograms like Japanese and Chinese which have over 


thousands of characters. [4] 


Having over thousands of Chinese characters, the Chinese language requires input methods to 


input them on a device. 


2.3 Chinese Pinyin IME 


Every character in Chinese has a monosyllabic pronunciation that does not interfere with other 
nearby characters, while some characters in Western languages may have several different 
pronunciations when combined as different words. For instance, letter A in English can be 
pronounced as [ei] or [æ] depending on its circumstance. Instead, the pronunciation of each 
Chinese character is composed of a consonant and a vowel or diphthong, the combination of 


two vowels in a single sound, such as zhuang, zhuo and tiao. 


Consonants (Initials) 


Figure 2.3.1 Consonants and vowels in Chinese characters presented in Pinyin [5] 


Chinese Pinyin, or Hanyu Pinyin are the phonetic notations for Chinese characters where each 
word in Chinese is able to convert itself into Pinyin based upon its pronunciation. In 
consequence, Pinyin serves mainly as a tool of assisting the learning of Chinese pronunciation. 
As Chinese Pinyin mostly borrows the roman characters that are vastly presented on the 


ΟΝΝΕΕΤΥ keyboard, the Chinese Pinyin becomes one of the most commonly used Chinese input 


methods, which is more likely due to the education of Pinyin being already taught for recent 


generations of people during their elementary school. 


The Pinyin IME is an input method that uses Pinyin to select wanted Chinese characters. Using 
the Pinyin IME, user enters a Chinese character by typing down Pinyin that corresponds to the 
pronunciation of that character and then selects the exact character through a pop-up bar. The 
reason why a further selection is required is due to the existence of the dozens of characters 
which have the same pronunciation but have different meanings, and this becomes the 


downside of Pinyin IME. 
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Figure 2.3.2 User inputting a character “1 (you) using Pinyin IME on an iPhone 


Usually, a single character of Chinese only requires a maximum of 6 Pinyin characters to input, 
but it does not output the exact wanted character. The downside that the Pinyin IME owns is its 


inaccuracy. Typing down the corresponding Pinyin displays dozens of characters that share the 


same Pinyin for further selection, causing the waste of time to choose the accurate one. In 
addition, standard Chinese has four main tones that are unable to be labeled through typing. 


This results in an even higher inaccuracy while using Pinyin IME. 


τῷ Ἐν; d 
Ga ss sm AM KF 


(fm) n IM 


Figure 2.3.3 User selecting a character "f//" using Pinyin ^ni" out of all possible choices 


2.4 Chinese Stroke IME 


Stroke input method was initially intended to serve as an easy-to-learn IME for users without 
knowledge of Chinese Pinyin and want to master a Chinese input method in the least amount of 
time. The method uses 6 buttons to perform action of inputting Chinese. Each button refers to 
a specific type of stroke that is vastly presented on Chinese characters and is usually located at 


a corresponding number key if the computer includes a physical number pad. 
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Figure 2.4.1 User inputting a character "f//" (you) using Stroke IME on an iPhone 


When inputting, users enter the strokes of a Chinese character in its correct stroke order. The 


keys contain 5 components of Chinese characters: 


1. A horizontal stroke (—) 

2. A vertical stroke ( | ) 

3. Along diagonal stroke (J ) 
4. A very short dash stroke ( ^ ) 


5. A horizontal stroke that has a downwards hook on the right (7) 


6. Anasterisk that corresponds to any stroke. 


A disadvantage of stroke input method is its low fault tolerance. The strokes inputted must be 
in the correct stroke order, meaning that a single mistake in stroke order can potentially cause 
the output of a completely different character. This is especially obvious when each character 
out of thousands of others has its unique stroke order for memorization, increasing a certain 
amount of difficulties for users who do not follow along with the correct stroke orders during 


handwriting. 


However, despite entering the character needs a large number of presses, the high accuracy 
stands out when user masters the IME. Due to the theory that each Chinese character has its 
own distinguishing strokes and stroke order, inputting correct strokes in the right order returns 
the exact character that user intends to output, whereas inputting the correct Pinyin while 


using Pinyin IME may outcome dozens of possible characters. 


In addition, the stroke IME does not necessarily require user to enter all the strokes for a 
character to input itself. The number of strokes entered into the IME can be reduced when the 
inputted strokes are already enough to filter a majority of characters and leave dozens for 
selections. Without entering any extra strokes, user can select the character handily through a 
glance at the pop-up bar. However, this technique rarely used since experienced users are likely 
to be capable of recognizing all the characters’ strokes and entering them handily, requiring no 
selection needed at the pop-up bar as it possibly takes even longer time than inputting all the 


memorized strokes. 


10 


2.5 Hidden Markov Model 


Typically, Chinese IMEs are heavily dependent on Hidden Markov Model (HMM) to assist the 


efficiency of selecting Chinese characters. HMM a probability model served as the 


representation of possibilities for a sequence of data. [6] The model is referred to a type of 


Markov Model with hidden states that are unable to be directly observed. HMM is mainly 


adopted in the areas of machine translation and speech recognition. 


HMM is consisted of variables sets with two different states, hidden states Q and observations 


O, and three probabilities, transition probabilities A, emission probability B and initial state 


probability Π. The probabilities and variable sets can be put into calculations to solve for one 


another. [7] 


Problems 


Given... 


Find... 


Solutions 


Evaluation problem 


Observation 


The probability of 


Forward and 


sequences and an 
HMM model 


sequence that 
outcomes the 
observations 


sequences and an observations backward 
HMM model algorithms 
Decoding problem Observation The most likely state Posterior 


decoding and 
Viterbi algorithm 


Learning problem 


Observation 
sequences and an 
HMM model 


The model 
parameters (A, B, π} 
to maximize p{0 |4} 


Baum-Welch 
algorithm 


Figure 2.5.1 Three basic problems associated with HMM and their solutions [7] 


In terms of Chinese IME, the decoding problem, as an example, can be involved to calculate the 


most likely chosen character from the Pinyin or strokes inputted. As each set of Pinyin can 


return dozens of Chinese characters, the character with maximum probability of being selected 


will be displayed at front while other characters are shown in the sequence of probability 


descending, allowing less time consumption for users to select characters. 


In a case where the user uses Pinyin IME to input a Chinese phrase “SRA ARA" (The 


weather is good today), the Pinyin inputted and user expected outputs are listed in the table 


below: 

Pinyin Input Possible Character Outputs User Intended Output 
jin & xXx Sn. sS 

tian R HORR AA IE... A 

tian K it HHA MME... X 

qi ERE t ESH... = 

hen JR AR (RR TR ΙΒ AR... R 

hao ΠΕΡ ES... hr 


Figure 2.5.2 Pinyin Inputted and user expected character output table 


The posterior decoding assumes that the inputted Pinyin are observations O and the outputted 
characters are hidden states Q. To obtain the probability of the model to output a character 


given the inputted Pinyin, the equation A, (i) is given by 


λι(Ώ = P( ig possible character match for t,, Pinyin inputted | o) 


Which can be derived into 


AM = PCq(t) = qi | ο) [7] 


Where P( q(t) = qi) is the probability of outputting an itn character for tin Pinyin inputted and 
i=1,..,N,t=1,..,T. [7] 


Then, finding the character output with the maximum probability of being selected is given by 


equation q(t): 


q(t) = arg max P{A,(i)} [7] 
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Furthermore, the computation of probabilities for choosing the characters also relies on cloud 
data, providing vast number of literary samples to determine which character is more 
frequently used out of all characters with the same Pinyin. For instance, Sogou Chinese Pinyin 
IME is one of the major Pinyin IME used in China, occupying 43.2% of Chinese Pinyin IME 
market share in 2019. [8] The IME initially added the feature of cloud computing input in 2010. 
When inputting, Sogou IME will automatically obtain cloud data to ensure more accurate input 
results, which is usually done by calculating the probabilities q(t) of each character through the 


examination of large amount of cloud samples. [9] 


By doing so, the probabilities q(t) of each character being selected are calculated by the model 
and then are used in arranging the order of characters from the most likely selected ones at the 
front and the least likely selected ones at the last, effectively reduces the time consumed by 


user selecting characters. 
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3. Experiment Methodology 


The investigation will be conducted through two components of codes, each for evaluating the 
efficiency of one type of Chinese IMEs. The assessment of IME efficiency and speed is 
determined through the number of presses which is required to input a sample text and is 
further achieved through the comparison between the two Chinese IMEs, Stroke IME and 
Pinyin IME. In this case, the IME that requires fewer presses to input the sample text 
demonstrates the higher efficiency in time and speed. The base codes are discovered from 
online sources and modified to achieve basic functionality, and they are available in Appendix 


section. 


3.1 Independent Variables 


The three independent variables used in the investigation are three sample texts for IME 


efficiency evaluation and are excerpts from translated novels and biography or Chinese works. 


Sample | Name Author 
1 Death’s End in Remembrance of Earth’s Past trilogy | Cixin Liu 
[10] 
2 Steve Jobs [11] Walter Isaacson 
3 The Little Prince [12] Antoine De Saint-Exupéry 


Figure 3.1.1 Book name and author of the three excerpts samples 


3.2 Dependent Variables 


The dependent variables are the stroke count and Pinyin count of each sample inputted. 
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3. Preprocessing 


In order to count the strokes and Pinyin number properly, punctuations within the sample texts 
are removed since the extract of GB2312, the official Chinese character coding set of the 
People’s Republic of China, that | use in Chinese characters conversion does not include 
punctuation. Arabic numerals and Latin characters are also avoided in passage selection due to 
the similar reason that gb2312 does not consist them, and Chinese stroke IME itself also does 
not support English typing. In some parts of the sample texts, Arabic numbers are exchanged 


with Chinese characters. 


if (gb2312Bytes == null || gb2312Bytes.length > 2 || gb2312Bytes.length <= 0 || gb2312Bytes. length == 1) 
{ 
return Q; 
} 
Figure 3.3.1 Returning 0 if the character is not included in GB2312, such as punctuations, 


numerals and Latin characters. 


3.4 Hypothesis 


Personally, | believe that the Chinese Pinyin IME will be more efficient than Chinese stroke IME. 
As a Chinese Pinyin IME user, | find the Pinyin IME being very speedy at typing Chinese in 


practice, which is perhaps due to my years of experiences with the Pinyin IME. 


3.5 The Experiments 

Both Stroke IME and Pinyin IME use database to store the stroke count and Pinyin for each 
Chinese character. For instance, the stroke count database, which indicates stroke counts for all 
Chinese characters, is externally inputted in the form of an array and follows the standard of 


GB2312, the official Chinese character coding set of the People’s Republic of China. To return 
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the total number of presses required to input the sample text through both ΙΜΕς, the process 
of calculating stroke counts and Pinyin counts is done separately for each individual Chinese 
character at a time and is then added up after a complete repetition. The flow charts below 


demonstrate the basic procedures for computing the needed number of presses using Stroke 


IME and Pinyin IME to input the sample text. 


Exclude special 
symbols & Western 
character 


Sets the output format of 
Pinyin to lowercases 
characters, characters 
without tone and 
Get characters converts Pinyin “ü” to “v” 
high byte and low 
byte 


Excludes non-Simplified 


nor Traditional Chinese 
Exclude non- οφ 
GB2312 character 


Returns the Pinyin 
corresponds to the 
Chinese character 


Return stroke count 
of the character 


Add up all characters’ 
stroke counts 


Outputs the total number 
of Pinyin characters for 
the sample text 


Figure 3.5.1 Flowcharts for the basic procedures for calculating the needed number of presses 


using Stroke IME (left) and Pinyin IME (right). 
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3.6 Programs Break Down 


3.6.1 The Stroke IME 


The calculations of strokes for each character are achieved through an array that contains all 
GB2312 characters’ stroke counts, which is arranged in the order of those having smallest to 
greatest bytes. Since GB2312 requires 2 bytes to represent a Chinese character, or 16 bits, the 


bytes can be divided into a high byte and a low byte, where high byte holds the most significant 


part of the integer. [13] For instance, Chinese character “—” (one) has a GB2312 code of 


“D2BB”, so the high byte and low byte would respectively be D2 and BB. 


private static int[] gb2312StrokeCount - ( 
/* BO x/ 
10,7,10, 10, 8, 10, 9, 11, 17, 14, 13, 5, 13, 10, 12, 15, 10, 6, 
10,9,13, 8, 10, 10, 8, 8, 10, 5, 10, 14, 16, 9, 12, 12, 15, 15, 7, 
10,5, 5, 7, 10, 2, 9, 4, 8, 12, 13, 7, 10, 7, 21, 10, 8, 5, 9, 6, 13, 
8, 8, 9, 13, 12, 10, 13, 7, 10, 10, 8, 8, 7, 8, 7, 19, 5, 4, 8, 5, 
9, 10, 14, 14, 9, 12, 15, 10, 15, 12, 12, 8, 9, 5, 15, 10, 
/* B1 κ) 
16, 13, 9, 12, 8, 8, 8, 7, 15, 10, 13, 19, 8, 13, 12, 8, 5, 12, 9, 
4, 9, 10, 7, 8, 12, 12, 10, 8, 8, 5, 11, 11, 11, 9, 9, 18, 9, 12, 
14, 4, 13, 10, 8, 14, 13, 14, 6, 10, 9, 4, 7, 13, 6, 11, 14, 5, 13, 
16, 17, 16, 9, 18, 5, 12, 8, 9, 9, 8, 4, 16, 16, 17, 12, 9, 11, 15, 
8, 19, 16, 7, 15, 11, 12, 16, 13, 10, 13, 7, 6, 9, 5, 8, 9, 9, 
/* B2 */ 
10, 6, 8, 11, 15, 8, 10, 8, 12, 9, 13, 10, 14, 7, 8, 11, 11, 14, 
12, 8, 7, 10, 2, 10, 7, 11, 4, 5, 7, 19, 10, 8, 17, 11, 12, 7, 3, 
7, 12, 15, 8, 11, 11, 14, 16, 8, 10, 9, 11, 11, 7, 7, 10, 4, 7, 17, 
16, 16, 15, 11, 9, 8, 12, 8, 5, 9, 7, 19, 12, 3, 9, 9, 9, 14, 12, 
14, 7, 9, 8, 8, 10, 10, 12, 11, 14, 12, 11, 13, 11, 6, 11, 19, 8, 
11, 
/* B3 x/ 
6, 9, 11, 4, 11, 7, 2, 12, 8, 11, 10, 12, 7, 9, 12, 15, 15, 11, 7, 
8, 4, 7, 15, 12, 7, 15, 10, 6, 7, 6, 11, 7, 7, 7, 12, 8, 15, 10, 9, 
16, 6, 7, 10, 12, 12, 15, 8, 8, 10, 10, 10, 6, 13, 9, 11, 6, 7, 6, 
6, 10, 8, 8, 4, 7, 10, 5, 9, 6, 6, 6, 11, 8, 8, 13, 12, 14, 13, 13, 
13, 4, 11, 14, 4, 10, 7, 5, 16, 12, 18, 12, 13, 12, 9, 13, 
/* B4 */ 
10, 12, 24, 13, 13, 5, 12, 3, 9, 13, 7, 11, 12, 7, 9, 12, 15, 7, 6, 
6, 7, 8, 11, 13, 8, 9, 13, 15, 10, 11, 7, 21, 18, 11, 11, 9, 14, 
14, 13, 13, 10, 7, 6, 8, 12, 6, 15, 12, 7, 5, 4, 5, 11, 11, 15, 17, 
9, 19, 16, 12, 14, 11, 13, 10, 13, 14, 11, 14, 7, 6, 3, 14, 15, 12, 
11, 10, 13, 12, 6, 12, 14, 5, 3, 7, 4, 12, 17, 9, 9, 5, 9, 11, 9, 
11, 
/* B5 x/ 
9, 10, 8, 4, 8, 10, 11, 9, 5, 12, 7, 11, 11, 8, 11, 11, 6, 9, 10, 
9, 10, 2, 10, 17, 10, 7, 11, 6, 8, 15, 11, 12, 11, 15, 11, 8, 19, 
6, 12, 12, 17, 14, 4, 12, 7, 14, 8, 10, 11, 7, 10, 14, 14, 8, 8, 6, 
12, 11, 9, 7, 10, 12, 16, 11, 13, 13, 9, 8, 16, 9, 5, 7, 7, 8, 11 
12, 11, 13, 13, 5, 16, 10, 2, 11, 6, 8, 10, 12, 10, 14, 15, 8, 11 


Figure 3.6.1.1 An array that contains all GB2312 characters' stroke counts with hexadecimal 
numbers annotated in between the array, indicating the characters with the same high bytes 


are below the number. 
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The high byte and low byte are then used to locate the character’s stroke count in the array. 
Revealed in figure 3.6.1.2, as the array only contains stroke counts for characters with high 
bytes that are within the range from BO to F7, characters that are outside of the range are 
excluded and thus return 0 for stroke counts. This also applies to characters with low bytes that 


are not within the range from ΑΊ to FE. 


private static int getStrokeCount(int highByte, int lowByte) 


{ 
if (highByte < ΘΧΒΘ || highByte > @xF7 || lowByte < ΘΧΑΙ || lowByte > ΘΧΕΕ) 
{ 
return 0; 
} 
int offset = (highByte - 0xB@) « (@xFE - ΘΧΑΘ) + (lowByte - @xA1); 
return gb2312StrokeCount [offset]; 
} 


Figure 3.6.1.2 Method of getStrokeCount(int highByte, int lowByte) 


The integer, offset, is the location of inputted character’s stroke count that is stored in the 
array gb2312StrokeCount[]. Since the gb2312StrokeCount[] array begins from characters with 
high bytes of BO, and in each high byte, there are FE — AO numbers of characters, so offset can 
locate its final result to those with the same high bytes using (highByte — ΘΧΒΘ) * (0xFE — 
ΘΧΑΘ). Then, the exact location within the category of high byte is calculated by (lowByte — 


0xA1), which returns the stroke count of the character using "return 
gb2312St rokeCount [offset] ;” 


As a result, by repeating the above process for each character in the entire inputted passage 


using a for loop, the program is able to return the total number of presses required for Stroke 


IME to input the passage. 
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3.6.2 The Pinyin IME 


Calculating the Pinyin count of each character inside a passage primarily relies upon a finished 
JAR file named “pinyin4j-2.0.0”. [14] The application outputs six types of Pinyin of the user’s 


inputted Chinese character. 


eoe pinyin4j-2.0.0 applet demo 
Input Chinese: — Format: _ WITH. ΤΟΝΕ NUMBER WITH. υ AND. COLON 
Unformatted Chinese Romanization Systems Formatted Hanyu Pinyin 
Hanyu Pinyin Tongyong Pinyin Wade-Giles Pinyin 
yil yil il 
MPSII Pinyin Yale Pinyin Gwoyeu Romatzyh 
yil yil i 
Convert to Pinyin 


Figure 3.6.2.1 Finding the Pinyin of character “—” (one) using the JAR file 


public static String getPinYin(String texts) 
1 


HanyuPinyinOutputFormat format = new HanyuPinyinOutputFormat(); 


format.setCaseType(HanyuPinyinCaseType. LOWERCASE) ; 
format. setToneType(HanyuPinyinToneType.WITHOUT_TONE) ; 
format. setVCharType(HanyuPinyinVCharType.WITH_V) ; 


char[] input = texts.trim().toCharArray(); 
String output = ""; 


try { 
for (int i = 0; i « input.length; i++) { 
if (java. lang.Character.toString(input[i]).matches("[\\u4E@0-\\u9FA5]+")) { 
String[] temp = PinyinHelper.toHanyuPinyinStringArray(input[i], format); 
output += temp[0]; 
} else 
output += java. lang.Character.toString(input[i]); 
} 
} catch (BadHanyuPinyinOutputFormatCombination e) { 
e.printStackTrace(); 
} 


return output; 


Figure 3.6.2.2 Method of getPinYin(String texts) 
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Demonstrated in figure 3.6.2.2, the program first initializes its Pinyin format to all lowercase, 
without tone and with v (Pinyin has a special character “ü” that can also be exchanged with 
character "v"). While String texts is the excerpts passage, it is broken down into a character 
array. In the for loop, the program detects if the character matches one of the Chinese 
characters, then it outputs the Pinyin of the character, and otherwise, it would return the 


character itself. 


System.out.println("Total Press counts using Pinyin IME: " + getPinYin(txt).length()); 


Figure 3.6.2.3 Outputs the total number of presses using Pinyin IME in the main method 


After receiving all the Pinyin of the passage, the total number of Pinyin characters can be 


obtained using ".length()", displayed in figure 3.6.2.3. 
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4. Experiment Results 


4.1 Results Table 


Figure 4.1.1 The word counts and presses required for sample texts using the two IMEs 


Sample Text 


#1 Three Body 


4.2 Results Graph 


3000 
2500 
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1500 


Presses 


1000 


500 


Death’s End in Remembrance of Steve Jobs Little Prince 
Earth’s Past 


m Stroke IME m Pinyin IME 


Figure 4.2.1 The presses needed for entering sample texts using the two ΙΜΕ5 in bar graph 
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5. Evaluation 


Although the results data demonstrate vast differences of efficiency in terms of the number of 
presses, the computation of presses for the two Chinese IMEs in inputting a sample text does 
not guarantee an accurate concept of efficiency comparison. There is a flaw that causes the 
huge uncertainty to the results, where entering Pinyin into the IME does not occupy the entire 
time for inputting. As explained earlier, user must select the exact character to input from a 
group of characters after inputting Pinyin, since there are often dozens or hundreds of Chinese 
characters with the same pronunciations displayed for selection, whereas entering the full 
strokes of a Chinese character in stroke IME bypasses the further selection but at a cost of 


spending much more time. 


The results compare the time necessary to input raw Pinyin and strokes to recognize Chinese 
characters but neglect the time taken for the selection of characters. The selection increases 
the time required for inputting with Pinyin IME, which is more than the time returned through 
the experiment. This is a huge uncertainty that impacts the factuality of obtained results, since 
the time consumed when selecting characters is unable to be calculated due to a variety of 
reasons as there is no defined unit to measure the time it takes, and it is rather down to user's 
ability to react quickly when he/she finds the needed character. But after all, as previously 
mentioned, it is largely minimized by the Hidden Markov Model by arranging the mostly likely 
selected characters at the front and the least ones at the back when user is choosing a 


character from an inputted Pinyin. 


In my personal experience with Pinyin IME, | rarely encounter situations where | am in need of 
browsing through pages and pages of possible characters to find the right one besides when 
inputting sophisticated characters from literatures. In most cases, only a glance is needed to 
input a character. In addition, despite that there are around 100,000 characters in Chinese, 
statistics have shown that 1,000 common characters can cover around 9296 of written data, 


while 3,000 characters can reach up to 9996 of them. [15] This supports the reason why the 
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further selection of characters does not occupy too much time and can be perhaps neglected to 


a certain extent. 


6. Conclusion 


The aim of the essay is to assess the efficiency of Chinese Pinyin IME and Chinese Stroke IME. 
Based on the results, we can approximately ensure that Pinyin IME requires less presses to 
input an excerpt than Stroke IME needed, which means that Pinyin IME has a greater efficiency 


than Stroke IME, proving the reason why it is the most popular IME in the Chinese market. 


Throughout the investigation, we found out a major difference between the two IMEs is that 
Pinyin IME has a selection process after inputting Pinyin, which requires the utilization of HMM 
to minimize the time consumed by the process. This is what contributes to the great efficiency 
of Pinyin IME, or else user may be always struggling to find a character from hundreds of 
characters. As algorithms are being improved, newly developed algorithms such as the 
Recurrent Neutral Network (RNN) are gradually attempted by many Pinyin IMEs to provide 
greater accuracy and efficiency in the past few years, but the Hidden Markov Model is still the 
most mature algorithm in the field of Pinyin IME, emphasizing the importance of algorithm that 


impacts the efficiency of Pinyin IME. [16] 


On the other hand, despite the low efficiency of Stroke IME, it still serves its role of being an 
easy-to-learn IME for people who do not know Pinyin and are willing to be proficient in an IME 
using the least amount of time, but at the cost of spending more time to input characters than 


Pinyin IME. 
After all, | hope this paper can present some useful information about Chinese IMEs in general 


and project the effect of the statistical model on the Pinyin IME by comparing the most popular 


used Pinyin IME with the less commonly used Stroke IME. 
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8. Appendix 


8.1 Codes for Pinyin IME (Java, retrieved from 
https://blog.csdn.net 40083897/article/details/85779162) 


import net.sourceforge.pinyin4j.PinyinHelper; 
public static void main(String[] args) { 


String txt = “"; 
System.out.println("Total Press counts using Pinyin IME: " + getPinYin(txt).length()); 


} 


public static String getPinYin(String texts) { 
HanyuPinyinOutputFormat format = new HanyuPinyinOutputFormat(); 


format. setCaseType(HanyuPinyinCaseType. LOWERCASE) ; 
format. setToneType(HanyuPinyinToneType.WITHOUT_TONE) ; 
format. setVCharType(HanyuPinyinVCharType.WITH_V) ; 


char[] input = texts.trim().toCharArray(); 
String output = '''; 


try { 
for (int i = 0; i < input.length; i++) 1 
if (java. lang.Character. toString(input[i] ).matches("[\\u4EQ@0-\\u9FA5]+")) 1 
String[] temp = PinyinHelper.toHanyuPinyinStringArray(input[il, format); 
output += temp[@]; 
} else 
output += java. lang.Character.toString(input[il); 
} 
} catch (BadHanyuPinyinOutputFormatCombination e) { 
e.printStackTrace(); 
} 


return output; 
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8.2 Codes for Stroke IME (Java, retrieved from 
https://blog.csdn.net/tsyj810883979/article/details/6500709) 


import java.io.FileNotFoundException; 
public static void main(String[] args) throws FileNotFoundException { 


Sutra] wen ee CUm 
int totalStrokeCount - 0; 
for (int i = 0; i < txt. length(); i++) 
{ 
totalStrokeCount = totalStrokeCount + 
getStrokeCount(String.valueOf(txt.charAt(i))); 
} 
System.out.println("Total stroke count: " + totalStrokeCount) ; 


} 
public static int getStrokeCount(String character) 
{ 


try { 
byte[] gb2312Bytes = character.getBytes("gb2312"); 
if (gb2312Bytes == null || gb2312Bytes. length > 2 || gb2312Bytes. length <= 0 || 
gb2312Bytes. length == 1) 
{ 


return 0; 


} 
if (gb2312Bytes.length == 2) 


{ 
int highByte = 256 + gb2312Bytes [0]; 
int lowByte = 256 + gb2312Bytes[1]; 
return getStrokeCount(highByte, lowByte); 
t 


} catch (UnsupportedEncodingException e) { 
// TODO Auto-generated catch block 
e.printStackTrace(); 


} 
return 0; 
} 
private static int getStrokeCount(int highByte, int lowByte) 
{ 
if (highByte < 0xBO0 || highByte > ΘΧΕ7 || lowByte < ΘΧΑΙ || lowByte > ΘΧΕΕ) 
{ 
return Q; 
int offset = (highByte - 0xB0) x (@xFE - ΟΧΑΘ) + (lowByte - 0xA1); 
return gb2312StrokeCount [offset]; 
} 


private static int[] gb2312StrokeCount = 4 
/* BO x/ 
10,7,10, 10, 8, 10, 9, 11, 17, 14, 13, 5, 13, 10, 12, 15, 10, 6, 
10,9,13, 8, 10, 10, 8, 8, 10, 5, 10, 14, 16, 9, 12, 12, 15, 15, 7, 
10,5, 5, 7, 10, 2, 9, 4, 8, 12, 13, 7, 10, 7, 21, 10, 8, 5, 9, 6, 13, 
8, 8, 9, 13, 12, 10, 13, 7, 10, 10, 8, 8, 7, 8, 7, 19, 5, 4, 8, 5, 
9, 10, 14, 14, 9, 12, 15, 10, 15, 12, 12, 8, 9, 5, 15, 10, 
/* B1 x*/ 
16, 13, 9, 12, 8, 8, 8, 7, 15, 10, 13, 19, 8, 13, 12, 8, 5, 12, 9, 
4, 9, 10, 7, 8, 12, 12, 10, 8, 8, 5, 11, 11, 11, 9, 9, 18, 9, 12, 
14, 4, 13, 10, 8, 14, 13, 14, 6, 10, 9, 4, 7, 13, 6, 11, 14, 5, 13, 
16, 17, 16, 9, 18, 5, 12, B, 9, 9, 8, 4, 16, 16, 17, 12, 9, 11, 15, 
8, 19, 16, 7, 15, 11, 12, 16, 13, 10, 13, 7, 6, 9, 5, 8, 9, 9, 
/* B2 κ) 
10, 6, 8, 11, 15, 8, 10, 8, 12, 9, 13, 10, 14, 7, 8, 11, 11, 14, 
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12, 8, 7, 10, 2, 10, 7, 11, 4, 5, 7, 19, 10, 8, 17, 11, 12, 7, 3, 
7, 12, 15, 8, 11, 11, 14, 16, 8, 10, 9, 11, 11, 7, 7, 10, 4, 7, 17, 
16, 16, 15, 11, 9, 8, 12, 8, 5, 9, 7, 19, 12, 3, 9, 9, 9, 14, 12, 
14, 7, 9, 8, 8, 10, 10, 12, 11, 14, 12, 11, 13, 11, 6, 11, 19, 8, 
11, 

/[* B3 x/ 

6, 9, 11, 4, 11, 7, 2, 12, 8, 11, 10, 12, 7, 9, 12, 15, 15, 11, 7, 
8, 4, 7, 15, 12, 7, 15, 10, 6, 7, 6, 11, 7, 7, 7, 12, 8, 15, 10, 9, 
16, 6, 7, 10, 12, 12, 15, 8, 8, 10, 10, 10, 6, 13, 9, 11, 6, 7, 6, 
6, 10, 8, 8, 4, 7, 10, 5, 9, 6, 6, 6, 11, 8, 8, 13, 12, 14, 13, 13, 
13, 4, 11, 14, 4, 10, 7, 5, 16, 12, 18, 12, 13, 12, 9, 13, 

/[* B4 x/ 

10, 12, 24, 13, 13, 5, 12, 3, 9, 13, 7, 11, 12, 7, 9, 12, 15, 7, 6, 
6, 7, 8, 11, 13, 8, 9, 13, 15, 10, 11, 7, 21, 18, 11, 11, 9, 14, 
14, 13, 13, 10, 7, 6, 8, 12, 6, 15, 12, 7, 5, 4, 5, 11, 11, 15, 17, 
9, 19, 16, 12, 14, 11, 13, 10, 13, 14, 11, 14, 7, 6, 3, 14, 15, 12, 
11, 10, 13, 12, 6, 12, 14, 5, 3, 7, 4, 12, 17, 9, 9, 5, 9, 11, 9, 
11, 

/[* B5 x/ 

9, 10, 8, 4, 8, 10, 11, 9, 5, 12, 7, 11, 11, 8, 11, 11, 6, 9, 10, 
9, 10, 2, 10, 17, 10, 7, 11, 6, 8, 15, 11, 12, 11, 15, 11, 8, 19, 
6, 12, 12, 17, 14, 4, 12, 7, 14, 8, 10, 11, 7, 10, 14, 14, 8, 8, 6, 
12, 11, 9, 7, 10, 12, 16, 11, 13, 13, 9, 8, 16, 9, 5, 7, 7, 8, 11, 
12, 11, 13, 13, 5, 16, 10, 2, 11, 6, 8, 10, 12, 10, 14, 15, 8, 11, 
13, 

/* B6 x/ 

2, 7, 5, 7, 8, 12, 13, 8, 4, 6, 5, 5, 12, 15, 6, 9, 8, 9, 7, 9, 11, 
7, 4, 9, 7, 10, 12, 10, 13, 9, 12, 9, 10, 11, 13, 12, 7, 14, 7, 9, 
12, 7, 14, 12, 14, 9, 11, 12, 11, 7, 4, 5, 15, 7, 19, 12, 10, 7, 9, 
9, 12, 11, 9, 6, 6, 9, 13, 6, 13, 11, 8, 12, 11, 13, 10, 12, 9, 15, 
6, 10, 10, 4, 7, 12, 11, 10, 10, 6, 2, 6, 5, 9, 9, 2, 

/* B7 x/ 

9, 5, 9, 12, 6, 4, 9, 8, 9, 18, 6, 12, 18, 15, 8, 8, 17, 3, 10, 4, 
7, 8, 8, 5, 7, 7, 7, 7, 4, 8, 8, 6, 7, 6, 6, 7, 8, 11, 8, 11, 3, 8, 
10, 10, 7, 8, 8, 8, 9, 7, 11, 7, 8, 4, 7, 7, 12, 7, 10, 8, 6, 8, 
12,12, 4, 9, 8, 13, 10, 12, 4, 9, 11, 10, 5, 13, 6, 8, 4, 7, 7, 4, 
15, 8, 14, 7, 8, 13, 12, 9, 11, 6, 9, 8, 

/[* B8 x/ 

10, 11, 13, 11, 5, 7, 7, 11, 10, 10, 8, 11, 12, 8, 14, 9, 11, 18, 
12, 9, 12, 5, 8, 4, 13, 6, 12, 4, 7, 6, 13, 8, 15, 14, 8, 7, 13, 9, 
11, 12, 3, 5, 7, 9, 9, 7, 10, 13, 8, 11, 21, 4, 6, 9, 9, 7, 7, 7, 
12, 7, 16, 10, 10, 14, 10, 16, 13, 15, 15, 7, 10, 14, 12, 4, 11, 
10, 8, 12, 9, 12, 10, 12, 9, 12, 11, 3, 6, 9, 10, 13, 10, 7, 8, 19, 
/* B9 x/ 

10, 10, 11, 3, 7, 5, 10, 11, 8, 10, 4, 9, 3, 6, 7, 9, 7, 6, 9, 4, 
7, 8, 8, 9, 8, 8, 11, 12, 11, 8, 14, 7, 8, 8, 8, 13, 5, 11, 9, 7, 
8, 9, 10, 8, 12, 8, 5, 9, 14, 9, 13, 8, 8, 8, 12, 6, 8, 9, 6, 14, 
11, 23, 12, 20, 8, 6, 3, 10, 13, 8, 6, 11, 5, 7, 9, 6, 9, 8, 9, 10, 
8, 13, 9, 8, 12, 13, 12, 12, 10, 8, 8, 14, 6, 9, 15, 9, 10, 10, 6, 
10, 9, 12, 14, 7, 12, 7, 11, 12, 8, 12, 7, 16, 16, 10, 7, 16, 10, 
11, 6, 5, 5, 8, 10, 17, 17, 14, 11, 9, 6, 10, 5, 10, 8, 12, 10, 11, 
10, 5, 8, 7, 6, 11, 13, 9, 8, 11, 14, 14, 15, 9, 15, 12, 11, 9, 9, 
9, 10, 7, 15, 16, 9, 8, 9, 10, 9, 11, 9, 7, 5, 6, 12, 9, 12, 7, 9, 
10, 6, 8, 5, 8, 13, 10, 12, 9, 15, 8, 15, 12, 

/* BB x/ 

8, 8, 11, 7, 4, 7, 4, 7, 9, 6, 12, 12, 8, 6, 4, 8, 13, 9, 7, 11, 7, 
6, 8, 10, 7, 12, 10, 11, 10, 12, 13, 11, 10, 9, 4, 9, 12, 11, 16, 
15, 17, 9, 11, 12, 13, 10, 13, 9, 11, 6, 9, 12, 17, 9, 12, 6, 13, 
10, 15, 5, 12, 11, 10, 11, 6, 10, 5, 6, 9, 9, 9, 8, 11, 13, 9, 11, 
17, 9, 6, 4, 10, 8, 12, 16, 8, 11, 5, 6, 11, 6, 13, 15, 10, 14, 

/[* BC x/ 

6, 5, 9, 16, 4, 7, 10, 11, 12, 6, 7, 12, 13, 20, 12, 3, 9, 10, 6, 
7, 13, 6, 9, 2, 10, 3, 13, 7, 16, 8, 6, 11, 8, 11, 9, 11, 11, 4, 5, 
9, 7, 7, 7, 10, 6, 14, 9, 6, 8, 10, 5, 9, 12, 10, 5, 10, 11, 15, 6, 
9, 8, 13, 7, 10, 7, 6, 11, 7, 13, 10, 8, 8, 6, 12, 9, 11, 9, 14, 
12, 8, 10, 13, 9, 11, 11, 9, 14, 13, 12, 9, 4, 13, 15, 6, 

/* BD κ 

10, 10, 9, 8, 11, 12, 10, 8, 15, 9, 9, 10, 6, 19, 12, 10, 9, 6, 6, 
13, 8, 15, 12, 17, 12, 10, 6, 8, 9, 9, 9, 20, 12, 11, 11, 8, 11, 9, 


28 


; 9, 16, 9, 13, 11, 14, 10, 10, 5, 12, 12, 11, 9, 11, 12, 6, 14, 
,5, 10, 8, 11, 13, 14, 9, 9, 13, 8, 7, 17, 7, 9, 10, 4, 9, 9, 8, 
, 12, 4, 8, 4, 9, 18, 10, 13, 4, 13, 7, 13, 10, 13, 7, 10, 10, 

/* BE x/ 

6, 7, 9, 14, 8, 13, 12, 16, 8, 11, 14, 13, 8, 4, 19, 12, 11, 14, 
14, 12, 16, 8, 10, 13, 11, 10, 8, 9, 12, 12, 7, 5, 7, 9, 3, 7, 2, 
10, 11, 11, 5, 6, 13, 8, 12, 8, 17, 8, 8, 10, 8, 8, 11, 7, 8, 9, 9, 
8, 14, 7, 11, 4, 8, 11, 15, 13, 10, 5, 11, 8, 10, 10, 12, 10, 10, 
11, 8, 10, 15, 23, 7, 11, 10, 17, 9, 6, 6, 9, 7, 11, 9, 6, 7, 10, 
/* BF x/ 

9, 12, 10, 9, 10, 12, 8, 5, 9, 4, 12, 13, 8, 12, 5, 12, 11, 7, 9, 
9, 11, 14, 17, 6, 7, 4, 8, 6, 9, 10, 15, 8, 8, 9, 12, 15, 14, 9, 7, 
9, 5, 12, 7, 8, 9, 10, 8, 11, 9, 10, 7, 7, 8, 10, 4, 11, 7, 3, 6, 
11, 9, 10, 13, 8, 14, 7, 12, 6, 9, 9, 13, 10, 7, 13, 8, 7, 10, 12, 
6, 12, 7, 10, 8, 11, 7, 7, 3, 11, 8, 13, 12, 9, 13, 11, 

/[* CO κ 

12, 12, 12, 8, 8, 10, 7, 9, 6, 13, 12, 8, 8, 12, 14, 12, 14, 11, 
10, 7, 13, 13, 11, 9, 8, 16, 12, 5, 15, 14, 12, 9, 16, 12, 9, 13, 
11, 12, 10, 11, 8, 10, 10, 10, 7, 7, 6, 8, 9, 13, 10, 10, 11, 5, 
13, 18, 16, 15, 11, 17, 9, 16, 6, 9, 8, 12, 13, 7, 9, 11, 11, 15, 
16, 10, 10, 13, 11, 7, 7, 15, 5, 10, 9, 6, 10, 7, 5, 7, 10, 4, 7, 


12, 5, 11, 7, 8, 2, 14, 10, 9, 12, 10, 7, 18, 13, 8, 10, 8, 11, 11, 
12, 10, 9, 8, 13, 10, 11, 13, 7, 7, 11, 12, 12, 9, 10, 15, 11, 14, 
7, 16, 14, 5, 15, 2, 14, 17, 14, 10, 6, 12, 10, 6, 11, 12, 8, 17, 
16, 9, 7, 20, 11, 15, 10, 7, 8, 9, 11, 13, 13, 10, 7, 11, 10, 7, 
10, 8, 11, 5, 5, 13, 11, 14, 12, 13, 10, 6, 15, 10, 9, 4, 5, 11, 8, 


11, 8, 8, 7, 13, 9, 12, 15, 14, 8, 7, 5, 11, 7, 8, 11, 7, 8, 12, 
19, 13, 21, 13, 10, 11, 16, 12, 8, 7, 15, 7, 6, 11, 8, 10, 15, 12, 
12, 10, 12, 9, 11, 13, 11, 9, 10, 9, 13, 7, 7, 11, 11, 7, 8, 6, 4, 
7, 7, 6, 11, 17, 8, 11, 13, 14, 14, 13, 12, 9, 9, 9, 6, 11, 7, 8, 
9, 3, 9, 14, 6, 10, 6, 7, 8, 6, 9, 15, 14, 12, 13, 14, 11, 14, 14, 
/* C3 */ 

13, 6, 9, 8, 8, 6, 10, 11, 8, 13, 4, 5, 10, 5, 8, 9, 12, 14, 9, 3, 
8, 8, 11, 14, 15, 13, 7, 9, 12, 14, 7, 9, 9, 12, 8, 12, 3, 7, 5, 
11, 13, 17, 13, 13, 11, 11, 8, 11, 15, 19, 17, 9, 11, 8, 6, 10, 8, 
8, 14, 11, 12, 12, 10, 11, 11, 7, 9, 10, 12, 9, 8, 11, 13, 17, 9, 
12, 8, 7, 14, 5, 5, 8, 5, 11, 10, 9, 8, 16, 8, 11, 6, 8, 13, 13, 

/* C4 x/ 

14, 19, 14, 14, 16, 15, 20, 8, 5, 10, 15, 16, 8, 13, 13, 8, 11, 6, 
9, 8, 7, 7, 8, 5, 13, 14, 13, 12, 14, 4, 5, 13, 8, 16, 10, 9, 7, 9, 
6, 9, 7, 6, 2, 5, 9, 8, 9, 7, 10, 22, 9, 10, 9, 8, 11, 8, 10, 4, 
14, 10, 8, 16, 10, 8, 5, 7, 7, 10, 13, 9, 13, 14, 8, 6, 15, 15, 11, 
8, 10, 14, 5, 7, 10, 10, 19, 11, 15, 15, 10, 11, 9, 8, 16, 5, 

/* C5 x/ 

8, 8, 4, 7, 9, 7, 10, 9, 6, 7 , 7, 9, 3, 13, 9, 8, 9, 17, 20, 10, 
10, 8, 9, 8, 18, 7, 11, 7, 11 , 8, 8, 8, 12, 8, 11, 12, 11, 12, 
9, 19, 15, 11, 15, 9, 10, 7, 9, 6, 8, 10, 16, 9, 7, 8, 7, 9, 10, 
12, 8, 8, 9, 11, 14, 12, 10, 10, 8, 7, 12, 9, 10, 8, 11, 15, 12, 
13, 12, 13, 16, 16, 8, 13, 11, 13, 8, 9, 21, 7, 8, 15, 12, 9, 

/[* C6 x/ 

11, 12, 10, 5, 4, 12, 15, 7, 20, 15, 11, 4, 12, 15, 14, 16, 11, 14, 
16, 9, 13, 8, 9, 13, 6, 8, 8, 11, 5, 8, 10, 7, 9, 8, 8, 11, 11, 10, 
14, 8, 11, 10, 5, 12, 4, 10, 12, 11, 13, 10, 6, 10, 12, 10, 14, 19, 
18, 12, 12, 10, 11, 8, 2, 10, 14, 9, 7, 8, 12, 8, 8, 11, 11, 10, 6, 
14, 8, 6, 11, 10, 6, 3, 6, 7, 9, 9, 16, 4, 6, 7, 7, 8, 5, 11, 


9, 9, 9, 6, 8, 10, 3, 6, 13, 5, 12, 11, 16, 10, 10, 9, 15, 13, 8, 
15, 11, 12, 4, 14, 8, 7, 12, 7, 14, 14, 12, 7, 16, 14, 14, 10, 10, 
17, 6, 8, 5, 16, 15, 12, 10, 9, 10, 4, 8, 5, 8, 9, 9, 9, 9, 10, 12, 
13, 7, 15, 12, 13, 7, 8, 9, 9, 10, 10, 11, 16, 12, 12, 11, 8, 10, 
6, 12, 7, 9, 5, 7, 11, 7, 5, 9, 8, 12, 4, 11, 6, 11, 8, 7, 11, 

/* C8 x/ 

8, 11, 17, 15, 5, 11, 23, 6, 16, 10, 6, 11, 10, 4, 8, 4, 10, 8, 16, 
7, 13, 14, 12, 11, 12, 13, 12, 16, 5, 9, 22, 20, 20, 20, 5, 9, 7, 
9, 12, 10, 4, 4, 2, 7, 7, 6, 4, 3, 7, 6, 5, 4, 4, 6, 9, 13, 9, 16, 
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14, 13, 10, 9, 4, 12, 9, 6, 9, 20, 16, 17, 6, 10, 8, 6, 2, 15, 8, 
6, 15, 13, 12, 7, 10, 8, 10, 15, 9, 11, 13, 17, 13, 14, 3, 8, 

/* C9 x/ 

6, 12, 10, 13, 8, 12, 12, 6, 12, 13, 6, 10, 12, 14, 10, 9, 6, 8, 7, 
7, 13, 11, 13, 12, 10, 9, 8, 7, 3, 7, 14, 8, 5, 8, 16, 17, 16, 12, 
6, 10, 15, 14, 6, 11, 12, 10, 3, 8, 14, 11, 10, 12, 10, 6, 3, 14, 
4, 10, 7, 8, 11, 11, 11, 6, 8, 11, 13, 10, 13, 10, 7, 6, 10, 5, 8, 
7, 7, 11, 10, 8, 9, 7, 8, 11, 9, 8, 13, 11, 7, 5, 12, 9, 4, 11, 

/* CA */ 

9, 11, 12, 9, 5, 6, 5, 9, 9, 
7, 5, 5, 8, 9, 8, 8, 6, 5, 3 


’ , 8, 2, 5, 9, dy 4, 9, 9, 8, 
, , , 9 
5, 8, 12, 8, 4, 5, 9, 9, 8, 8, 6, 4, 
, 12 
9 


, 9, 14, 10, 8, 9, 13, 16, 9, 
9, 6, 7, 11, 11, 8, 14, 11, 

4, 12, 11, 15, 16, 12, 17, 13, 
, 14, 11, 13, 14, 


15, 8, 11, 10, 7, 13, 8, 12, 11 
13, 12, 13, 12, 5, 8, 9, 7, 6, 
/* CB */ 

10, 8, 9, 14, 10, 5, 5, 10, 9, 17, 4, 11, 10, 4, 13, 12, 7, 17, 9, 
12, 9, 11, 10, 9, 12, 15, 15, 9, 7, 5, 5, 6, 13, 6, 13, 5, 7, 6, 8, 
3, 8, 10, 8, 10, 9, 7, 6, 9, 12, 15, 16, 14, 7, 12, 9, 10, 10, 12, 
14, 13, 13, 11, 7, 8, 14, 13, 14, 9, 11, 11, 10, 21, 13, 6, 17, 12, 
14, 10, 6, 10, 10, 13, 11, 10, 14, 11, 10, 12, 8, 13, 5, 5, 6, 12, 
/* CC κ 

16, 9, 17, 15, 9, 8, 8, 5, 10, 11, 4, 8, 7, 7, 13, 8, 15, 13, 7, 
17, 13, 15, 14, 10, 8, 12, 10, 14, 11, 5, 9, 6, 13, 13, 11, 12, 15, 
10, 16, 10, 15, 11, 15, 10, 11, 10, 13, 10, 11, 10, 9, 11, 10, 5, 
10, 10, 18, 13, 10, 13, 11, 10, 15, 12, 12, 15, 16, 12, 7, 12, 17, 
11, 10, 9, 8, 4, 11, 13, 5, 11, 9, 14, 12, 9, 7, 8, 11, 13, 9, 10, 
8, 4, 7, 9, 

/* CD */ 

5, 6, 11, 9, 9, 9, 12, 10, 10, 13, 17, 6, 11, 7, 12, 11, 10, 12, 9, 
12, 11, 7, 5, 10, 5, 7, 9, 8, 10, 10, 10, 11, 3, 6, 8, 12, 6, 11, 
13, 13, 13, 14, 9, 7, 4, 17, 8, 6, 11, 10, 7, 6, 8, 12, 7, 8, 12, 
9, 9, 12, 9, 9, 4, 10, 9, 5, 15, 9, 12, 8, 10, 3, 11, 7, 13, 10, 
11, 12, 11, 8, 11, 3, 12, 7, 4, 3, 8, 6, 8, 8, 11, 7, 6, 9, 

/* CE */ 

20, 13, 6, 4, 7, 10, 7, 11, 11, 4, 14, 11, 7, 11, 8, 6, 6, 7, 7, 5, 
14, 8, 9, 9, 12, 17, 7, 12, 11, 11, 15, 3, 14, 12, 10, 4, 9, 7, 7, 
14, 10, 6, 13, 10, 8, 9, 13, 10, 12, 7, 14, 8, 12, 7, 7, 7, 9, 4, 
6, 9, 9, 4, 7, 11, 7, 7, 4, 8, 4, 10, 4, 14, 6, 9, 7, 5, 13, 11, 8, 
4, 5, 10, 9, 8, 14, 8, 6, 11, 8, 12, 15, 6, 13, 10, 

/* CF */ 

12, 10, 7, 11, 15, 3, 11, 14, 11, 13, 6, 12, 17, 11, 10, 3, 13, 12, 
11, 9, 7, 12, 6, 8, 15, 9, 7, 17, 14, 13, 9, 8, 9, 3, 12, 10, 6, 
11, 13, 6, 5, 14, 6, 9, 8, 11, 11, 7, 9, 8, 13, 9, 9, 8, 13, 7, 13, 
11, 12, 9, 10, 8, 8, 9, 11, 22, 9, 15, 17, 12, 3, 12, 10, 8, 13, 9, 
8, 9, 9, 15, 13, 6, 11, 11, 12, 15, 9, 10, 18, 12, 10, 10, 11, 10, 
/* DO κ 

3, 7, 10, 7, 11, 10, 10, 13, 8, 13, 15, 15, 6, 9, 13, 6, 11, 8, 11, 
5, 11, 9, 19, 16, 8, 8, 12, 10, 16, 7, 12, 8, 7, 13, 7, 4, 9, 11, 
9, 13, 12, 12, 6, 6, 9, 7, 6, 6, 16, 8, 7, 8, 8, 5, 4, 10, 6, 7, 
12, 14, 6, 9, 10, 6, 13, 12, 7, 10, 10, 14, 6, 14, 11, 14, 9, 10, 
6, 13, 11, 9, 6, 7, 10, 9, 12, 12, 11, 11, 7, 12, 9, 11, 11, 5, 

/* D1 κ 

9, 19, 10, 9, 13, 16, 8, 5, 11, 6, 9, 14, 12, 6, 8, 6, 6, 6, 10, 6, 
5, 5, 9, 6, 6, 8, 9, 10, 7, 3, 7, 4, 10, 11, 13, 11, 12, 9, 6, 6, 
11, 9, 11, 10, 11, 10, 7, 9, 12, 8, 7, 7, 15, 11, 8, 8, 8, 11, 11, 
9, 14, 10, 12, 16, 6, 9, 12, 10, 9, 12, 10, 11, 10, 9, 5, 10, 10, 
7, 6, 8, 8, 6, 9, 6, 10, 6, 11, 9, 10, 14, 16, 13, 7, 14, 

/* D2 */ 

13, 6, 13, 11, 12, 9, 9, 10, 9, 9, 20, 12, 15, 8, 6, 11, 7, 3, 6, 
11, 5, 5, 6, 12, 8, 11, 1, 12, 7, 12, 11, 8, 6, 6, 13, 6, 12, 11, 
5, 10, 14, 7, 8, 9, 18, 12, 9, 10, 3, 1, 7, 4, 4, 7, 8, 7, 6, 3, 7, 
17, 11, 13, 9, 6, 13, 13, 15, 4, 3, 10, 13, 8, 5, 10, 7, 6, 17, 11, 
8, 9, 9, 6, 10, 9, 6, 8, 7, 11, 11, 11, 7, 4, 4, 11, 

/* D3 */ 

5, 8, 15, 11, 18, 7, 14, 10, 11, 11, 9, 14, 7, 17, 9, 15, 13, 12, 
9, 9, 8, 7, 17, 10, 11, 13, 14, 13, 8, 8, 10, 5, 11, 9, 5, 9, 6, 
11, 7, 4, 5, 7, 10, 7, 8, 12, 7, 6, 4, 5, 7, 12, 9, 2, 5, 6, 11, 3, 
8, 13, 13, 13, 14, 7, 9, 12, 8, 12, 12, 11, 11, 4, 10, 8, 3, 6, 9, 
6, 9, 6, 5, 11, 6, 8, 6, 12, 12, 10, 12, 13, 11, 9, 8, 13, 
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/* D4 x/ 
10, 12, 12, 10, 15, 5, 10, 11, 10, 4, 9, 10, 10, 12, 14, 7, 7, 10, 
13, 13, 12, 7, 8, 14, 9, 9, 4, 6, 12, 11, 9, 8, 12, 4, 10, 10, 10, 
4, 9, 4, 9, 4, 7, 15, 11, 10, 13, 5, 5, 10, 6, 10, 9, 7, 10, 10, 6, 
6, 9, 19, 12, 16, 10, 10, 12, 14, 17, 12, 19, 8, 6, 16, 9, 20, 16, 
10, 7, 7, 17, 8, 8, 6, 8, 10, 9, 15, 15, 12, 16, 4, 12, 12, 5, 5, 
/* D5 x/ 

11, 8, 9, 9, 14, 8, 5, 9, 7, 14, 10, 6, 10, 10, 14, 18, 9, 13, 11, 
8, 10, 8, 14, 11, 10, 22, 9, 5, 9, 10, 12, 11, 15, 11, 14, 14, 7, 
12, 10, 7, 3, 7, 8, 5, 8, 16, 13, 8, 9, 7, 8, 9, 13, 13, 6, 14, 5, 
14, 7, 10, 12, 16, 8, 13, 14, 7, 10, 9, 13, 10, 13, 10, 16, 6, 7, 
8, 8, 10, 7, 15, 10, 15, 6, 13, 9, 11, 8, 9, 6, 8, 16, 9, 5, 9, 

/* D6 x/ 

9, 10, 8, 7, 6, 8, 4, 7, 14, 8, 8, 10, 5, 3, 8, 11, 8, 12, 12, 6, 
10, 8, 7, 9, 4, 11, 5, 6, 7, 7, 10, 11, 6, 10, 13, 8, 9, 8, 12, 10, 
13, 8, 8, 11, 12, 8, 11, 4, 9, 8, 9, 10, 8, 9, 8, 9, 6, 6, 6, 8, 6, 
9, 7, 12, 9, 7, 8, 8, 10, 8, 9, 17, 10, 10, 12, 6, 11, 10, 8, 10, 
6, 10, 12, 8, 17, 15, 5, 11, 9, 7, 11, 8, 12, 12, 

/* D7 */ 

7, 8, 9, 8, 7, 4, 9, 4, 9, 8, 15, 14, 15, 10, 6, 12, 6, 15, 6, 7, 
12, 13, 9, 14, 7, 11, 10, 10, 10, 8, 8, 10, 12, 8, 10, 11, 11, 7, 
9, 9, 9, 10, 9, 12, 11, 7, 12, 5, 9, 13, 3, 6, 11, 6, 18, 12, 15, 
8, 11, 9, 7, 7, 7, 9, 12, 10, 7, 8, 11, 9, 7, 7, 8, 10, 20, 16, 15, 
12, 13, 12, 15, 9, 5, 7, 9, 11, 7, 7, 10, 0, 0, 0, O0, Q, 

/* D8 */ 

3, 3, 3, 4, 4, 4, 5, 6, 6, 10, 10, 16, 1, 8, 1, 2, 3, 4, 4, 5, 5, 
6, 9, 11, 14, 14, 19, 1, 8, 14, 2, 6, 4, 7, 7, 11, 14, 4, 6, 10, 
11, 12, 14, 15, 16, 2, 5, 8, 11, 11, 15, 8, 7, 2, 4, 6, 7, 8, 8, 8, 
9, 10, 10, 10, 13, 13, 14, 14, 15, 16, 2, 8, 2, 4, 4, 4, 5, 5, 5, 
5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 

/* D9 x/ 

7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 
9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 
11, 11, 11, 11, 11, 11, 12, 12, 12, 13, 14, 14, 14, 14, 14, 14, 15, 
15, 5, 6, 7, 7, 9, 17, 6, 8, 4, 12, 16, 17, 18, 21, 2, 9, 9, 11, 6, 
6, 7, 2, 8, 10, 10, 11, 12, 12, 12, 13, 16, 19, 19, 2, 6, 8, 8, 

/* DA */ 

10, 2, 10, 10, 2, 5, 5, 
8, 8, 8, 8, 8, 8, 8, 9, 


5, 6, 6, 6, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 

9 
11, 11, 11, 11, 11, 11, 1 

2 

1 


, 

, 9, 9, 10, 10, 10, 10, 10, 10, 10, 11, 

1, 11, 11, 11, 12, 12, 12, 12, 12, 13, 13, 
8,2,5,5, 6, 6, 7, 7, 7, 7, 8, 9, 9, 


14, 14, 14, 15, 15, 19, 2, 
6, 5, 5, 5, 5, 6, 6, 7, 7, 7, 7, 


10, 10, 10, 11, 11, 11, 
/* DB */ 

7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 10, 10, 11, 11, 13, 13, 
13, 14, 14, 16, 19, 17, 5, 7, 5, 7, 7, 8, 10, 10, 11, 15, 9, 17, 
20, 2, 2, 6, 10, 2, 5, 10, 1 7, 9, 9, 14, 16, 16, 17, 6, 60, 6, 6, 
6, 6, 6, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 
9, 9, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 


11, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13, 14, 14, 14, 15, 20, 21, 
22, 3, 5, 5, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 
7, 7, 7, 7, 7, 7, 7; 7; 7; 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 
8, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 
9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 

/* DD */ 


9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 
10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
13, 14, 14, 14, 14, 14, 14, 14, 


14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 
16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 18, 19, 19, 19, 20, 20, 22, 
3, 9, 6, 7, 9, 9, 10, 10, 11, 3, 5, 5, 12, 3, 6, 7, 8, 8, 8, 8, 9, 
9, 9, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 
13, 14, 14, 14, 14, 

/* DF x*/ 
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14, 15, 15, 15, 15, 16, 16, 16, 17, 17, 19, 23, 25, 3, 7, 8, 12, 5, 
5; 5; 5, 5, 5, 6, 6, 6, 7, 7, Ty Ty 7, Ti 7j Τε 7, 7, 7, 8, 8, 8, 
8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 
9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 
10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 

/* EQ x/ 


11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 
14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 
16, 16, 16, 16, 17, 17, 19, 25, 3, 6, 6, 7, 7, 8, 9, 10, 11, 11, 


11, 12, 14, 14, 15, 15, 
8, 8, 8, 8, 8, 8, 8, 9, 


6 , 7, 7, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 

9 
11, 12, 12, 12, 12, 12, 1 

9 

8 


, 6 

, 9, 9, 10, 10, 11, 11, 11, 11, 11, 11, 

2, 12, 12, 12, 12, 13, 13, 13, 14, 15, 15, 
9, 10, 11, 11, 12, 13, 15, 16, 24, 3, 3, 


17, 17, 19, 3, 7, 8, 9, 9, 
, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 


5, 6, 6, 6, 7, 7, 8, 8, 
/[* E2 κ 

10, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 14, 14, 15, 
15, 16, 17, 20, 6, 14, 12, 14, 3, 3, 6, 7, 7, 7, 7, 7, 8, 9, 10, 
10, 11, 12, 12, 13, 13, 14, 15, 15, 25, 5, 7, 7, 8, 9, 9, 11, 11, 
11, 11, 12, 13, 14, 15, 16, 16, 17, 3, 5, 6, ' 

7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, , 

/* E3 */ 

9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 
11, 12, 12, 12, 12, 12, 12, 12, 13, 13, 14, 15, 15, 15, 16, 16, 18, 
8, 17, 4, 6, 7, 7, 7, 7, 9, 9, 10, 10, 10, 11, 11, 11, 11, 11, 11, 
12, 12, 13, 13, 13, 14, 3, 4, 8, 3, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 
7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 


9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 

10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
13, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 


/* E5 */ 

16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 19, 19, 19, 20, 20, 21, 24, 
3, 5, 8, 8, 9, 10, 12, 13, 14, 14, 15, 16, 16, 17, 17, 3, 7, 7, 8, 
8, 8, 8, 8, 8, 8, 9, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 12, 
12, 12, 12, 13, 13, 13, 13, 15, 15, 16, 16, 17, 17, 18, 3, 11, 9, 
12, 5, 9, 10, 10, 12, 14, 15, 21, 8, 8, 9, 11, 12, 22, 3, 6, 6, 7, 
2, 7, 7, 

/[* E6 x/ 

7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 
10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13, 
13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 15, 16, 16, 17, 17, 20, 
5, 9, 7, 8, 12, 3, 3, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 10, 11, 11, 
11, 11, 12, 12, 13, 13, 13, 14, 14, 15, 19, 20, 3, 6, 6, 6, 6, 6, 
/[* E7 */ 

7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 10, 10, 10, 11, 11, 11, 11, 
11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 15, 16, 
16, 16, 16, 19, 3, 15, 3, 8, 10, 6, 6, 8, 8, 8, 9, 9, 9, 9, 9, 9, 
9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 12, 12, 12, 12, 12, 
12, 12, 12, 

/* E8 */ 

12, 12, 13, 13, 13, 13, 13, 14, 14, 15, 15, 15, 15, 15, 15, 15, 16, 
17, 17, 17, 18, 20, 20, 13, 13, 14, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 
8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 
9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 
10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 
12, 


12, 12. 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
13, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 
14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 
16, 16, 16, 16, 16, 16, 16, 17, 17, 17, 17, 18, 13, 14, 8, 9, 9, ο, 


11, 11, 11, 12, 12, 14, 16, 7, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10, 
10, 10, 10, 11, 12, 12, 

/* EA */ 

12, 12, 13, 15, 16, 10, 5, 8, 11, 12, 12, 13, 13, 13, 14, 14, 8, 9, 
12, 16, 16, 17, 4, 6, 6, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 
10, 10, 10, 10, 10, 10, 11, 11, 12, 13, 13, 14, 14, 16, 18, 18, 20, 
21, 9, 9, 9, 9, 10, 10, 10, 10, 11, 11, 11, 12, 12, 14, 9, 10, 11, 
12, 13, 14, 15, 15, 9, 13, 6, 8, 9, 11, 11, 12, 12, 12, 13, 14, 10, 
11, 12, 

/* EB */ 

14, 17, 10, 10, 12, 12, 12, 13, 15, 16, 16, 22, 5, 6, 7, 7, 9, 10, 
10, 11, 13, 4, 11, 13, 12, 13, 15, 9, 15, 6, 7, 7, 7, 8, 8, 8, 8, 
8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 
10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 
12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 15, 15, 16, 17, 17, 
17, 17, 

/* EC */ 

17, 16, 7, 11, 12, 13, 13, 16, 9, 9, 12, 13, 16, 16, 4, 13, 13, 17, 
12, 15, 16, 8, 10, 10, 10, 11, 11, 13, 14, 7, 8, 8, 8, 9, 9, 9, 9, 
9, 10, 10, 11, 11, 11, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 
15, 15, 15, 15, 16, 16, 16, 18, 21, 30, 4, 11, 13, 16, 8, 8, 9, 11, 
12, 4, 7, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 12, 12, 13, 14, 16, 
21, 7, 7, 

/* ED */ 

9, 10, 10, 10, 10, 10, 10, 11, 13, 13, 14, 16, 16, 17, 17, 24, 4, 
6, 8, 9, 12, 7, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 
10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 12, 13, 13, 13, 13, 
13, 14, 14, 14, 14, 14, 15, 15, 15, 16, 16, 17, 17, 18, 19, 18, 21, 
11, 12, 17, 19, 8, 9, 9, 9, 9, 9, 10, 10, 10, 11, 11, 11, 11, 12, 
12, 12, 12, 13, 13, 

/* ΕΕ */ 

13, 13, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 18, 7, 8, 9, 9, 9, 
10, 12, 13, 17, 9, 10, 10, 12, 13, 14, 14, 16, 17, 17, 10, 16, 23, 
5, 6, 6, 7, 7, 7, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 
10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 
10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 11, 11, 

/* EF */ 

11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 
13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 
15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 17, 17, 17, 
17, 17, 17, 17, 17, 17, 17, 18, 18, 18, 19, 20, 14, 9, 12, 13, 9, 
9, 10, 10, 11, 12, 12, 12, 13, 13, 

/* F0 x/ 

15, 15, 16, 17, 18, 22, 9, 11, 12, 13, 17, 10, 11, 7, 7, 8, 9, 9, 
10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 
13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 17, 
17, 17, 18, 18, 22, 5, 7, 7, 8, 8, 9, 9, 10, 10, 10, 10, 10, 10, 
10, 10, 11, 11, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 
14, 14, 14, 14, 14, 14, 14, 

/* F1 */ 

15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 17, 18, 18, 18, 18, 
21, 23, 11, 12, 8, 8, 9, 9, 10, 11, 13, 13, 14, 14, 14, 15, 5, 8, 
9, 9, 9, 9, 10, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13, 13, 13, 13, 
13, 14, 14, 14, 14, 14, 15, 15, 16, 17, 19, 24, 5, 9, 11, 12, 9, 6, 
9, 10, 12, 12, 13, 14, 15, 15, 16, 16, 22, 12, 8, 11, 11, 11, 12, 
15, 16, 12, 9, 10, 10, 

/* F2 */ 

12, 12, 12, 12, 13, 15, 15, 16, 16, 16, 18, 20, 21, 6, 10, 7, 8, 9, 
9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 
11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 
14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 
15, 15, 15, 15, 16, 16, 16, 16, 

/* F3 */ 

16, 16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 
18, 18, 18, 18, 19, 19, 19, 19, 20, 21, 24, 26, 6, 14, 17, 17, 10, 
8, 9, 9, 9, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 


11, 11, 11, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 14, 14, 
14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 16, 16, 16, 
16, 16, 17, 17, 17, 17, 17, 17, 

/* F4 x/ 

18, 18, 18, 19, 19, 19, 8, 9, 11, 12, 10, 10, 9, 9, 9, 10, 10, 10, 
10, 11, 11, 11, 11, 12, 13, 13, 14, 15, 17, 18, 19, 10, 10, 11, 13, 
13, 19, 11, 11, 13, 15, 15, 16, 9, 10, 10, 11, 11, 12, 12, 13, 14, 
14, 14, 15, 15, 15, 15, 15, 16, 18, 6, 15, 9, 11, 12, 14, 14, 15, 
15, 16, 17, 6, 12, 14, 14, 17, 25, 11, 19, 9, 12, 13, 13, 23, 11, 
15, 10, 11, 9, 10, 10, 10, 12, 

12, 12, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 17, 
18, 19, 19, 19, 20, 20, 21, 7, 16, 10, 13, 14, 18, 18, 10, 10, 11, 
11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 
14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 
16, 17, 17, 17, 19, 19, 19, 19, 19, 20, 21, 22, 22, 23, 24, 7, 12, 
13, 13, 17, 17, 11, 11, 12, 12, 13, 

13, 14, 15, 13, 18, 12, 11, 12, 12, 14, 14, 16, 16, 16, 19, 19, 20, 
22, 10, 13, 13, 13, 14, 14, 15, 15, 17, 8, 12, 20, 8, 10, 10, 13, 
14, 18, 18, 14, 14, 15, 16, 17, 18, 18, 21, 24, 12, 12, 13, 13, 13, 
13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 
15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 
16, 17, 17, 17, 17, 17, 17, 17, 17, 

18, 18, 18, 18, 18, 19, 19, 19, 19, 19, 19, 20, 20, 20, 21, 14, 14, 
15, 15, 16, 18, 18, 18, 19, 19, 13, 13, 14, 14, 14, 15, 15, 17, 17, 
18, 18, 19, 19, 22, 14, 14, 15, 16, 16, 17, 19, 12, 15, 18, 22, 22, 
10, 13, 14, 15, 15, 16, 16, 16, 18, 19, 20, 23, 25, 14, 15, 17, 13, 
16, 16, 17, 19, 19, 21, 23, 17, 17, 17, 18, 18, 19, 20, 20, 20, 20, 
21, 17, 18, 20, 23, 23, 16, 17, 23 

/* F8 x/ 


8.3 Excerpts Used for Independent Variables 


Death's End in Remembrance of Earth's Past trilogy: 


String txt = "BSSiZSKEL(7 £ DSL — EU E EB ETE T-R 7 P MBEHT BUS BBE 

QF AAA —l ETT ASSN St Se aN 158 NDA REESUE HE RUTE E Γ 
Ty 5 — zs [RE TRES METS cles ER SE pl; T haa £617 £8 SE EL CHEST 
BEANS HEISE Stee ENDE EEG EG BEANS E T2 TB ΡΑΣ RARE EE 
SUR SARE A VETE VEA RIO A Vs PEAKS ESS ARAT AAS 
RT EARMSRMAKAAT POV RE KET ERAS Gia tS TMK 
— T EAR EMSA BINS TAK ERA 3 CEA) ASFA SY 
FARIA ATX PAR BARS SPAS EFC TA AS E BAR TASES AE 

ITERE A TIL MBAR CTA E St SIMA RATA BS 
KEEA SSP RCARIX EIA BR AE TUE AAA) Mls Ae tH 7572 B SCO 
7559147 Sine ANAM Vei] e S TRRERREAC" 
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Steve Jobs: 


String txt = “FARROA MARLA RAL ep SB ETP RB BAHT AZ 
MV LEER 27 4 Aas Spins TRA CAU aes 
RATRE BARA LIRR sov [RT Ae IB AUXS AS A Ses BIS BB ΤΕΕΙΠ 
AEG SR (ACT RB AAS TES ΡΑΣ ERR AR TRACTUS RE AT TIS i T SERES E RIA Gs 
RENE HHRMA SS EI COMES FINRA Dak T 7r t8 IRI 
IZA PARKS PIRES BRAS OI ESS tt ASA A SS CAN 
SFR MLAS FSB FT I BAR EX LH SE RETE RI T Ruso 8 S MEA ARAB — x 3-56 
T0 SESSEESEPC Gus p Bess. ERES TX EDS) LEAR T BAEC 
TAA LSB RIA MKT Ar —ÁArIBRI— RAMa RE 
CRANAR eae PF “ΕΗ ΓΟ aca a Pre BERE" 


The Little Prince: 


String txt = “MERIR SESA — 1 n] LUEEO BUS ABA A eee 7\ 
FRIA FRIR CALC SAR Aca LBA SE aD AREA TERE CS HL ees SD 
RANMA TREK RARER CaF EUST UE EDU TS BIZK IW 808 — TS E RB 
ΒΕΠ CARAMEL T BR eis ΛΑΤ ΖΕΙ Le a BLE 
ΞΕΈΙΛΞΒΗΕΠΕΠΣΑΒΡΕΕΗΡΗ LBS Ai hn SE Be SIR CB ES ch BAS HS 1 HERI S3 
WAT SICA RMECRR ANAS iT RNS Bias 23 ES ES AGEBI — FR. 
AID RIT ALE — Γ{455ΕῬο 536 S eR ch EATER ARS TA T ER 
D—MR STS IV aS A) Li Eas) GERRIE Fate ΛΕΙΑ (CRA PR — 18 
BRE SACIZ AIBA A STRESS n] BERRA A Ke ftl MERE PEPE T RAY 
HRE TERR Bt JE RET ASSIST AL A 5M Bo” 
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